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(57) ABSTRACT

Apparatus for detecting an electrical msult to a gas tubing
system and dissipating the energy from such insult. The
system includes tubing and an injury mitigator. The tubing
includes a conduit, an insulating layer, a conductive layer,
and a jacket. The conduit 1s connected to earth ground. The
conductive layer 1s electrically imnsulated from the conduit by
the msulating layer. The mitigator includes an insult event
detection circuit and an energy dissipation circuit, both
clectrically connected between the conductive layer of the
tubing and ground. Insult indication 1s provided by a fusible
link. Energy dissipation 1s provided by the fuse, a transient
voltage suppression (1TVS) device, and/or a spark gap. The
TVS device has a setpoint voltage less than the breakdown
voltage of the spark gap, ensuring that the TVS device
actuates before the spark gap conducts.
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DISSIPATIVE LIGHTNING RESISTANT
TUBING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of prior application Ser.
No. 15/859,154, filed Dec. 29, 2017, which claims the

benelit of U.S. Provisional Application No. 62/451,678, filed
Jan. 28, 2017.

STAIEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable

BACKGROUND

1. Field of Invention

This invention pertains to a tubing system that 1s resistant
to lightning strikes. More particularly, this invention pertains
to gas tubing that includes a conductive layer msulated from
the fluid conduit and an energy dissipation circuit for the
conductive layer.

2. Description of the Related Art

Corrugated stainless steel tubing (CSST) 1s a flexible,
stainless steel pipe or conduit used to supply natural gas and
propane in residential, commercial, and industrial structures.
The tubing 1s routed 1nside structures between the walls and
floors, under floors and/or above the ceiling. Oftentimes
CSST 1s 1nstalled 1n places where it 1s not able to be visually
inspected after construction 1s completed. In many cases
where the CSST could be visible for inspection, the CSST 1s
covered by insulation applied between joists, thereby cov-
ering the CSST and making visual mspection difficult.

Unlike black iron pipe, CSST is run 1n continuous lengths
without joints and fittings every time the pipe changes
direction. Another advantage of CSST 1s that it readily
accommodates vibration and structural shifts. Despite the
advantages of CSST, the tubing 1s susceptible to puncture by
an electrical injury. When CSST 1s punctured, there 1s a risk
of fire from the leaking gas or a risk of explosion from
pooled or accumulated gas.

An electrical 1nsult 1s an unwanted event in which an
object receives an electrical charge or carries an electrical
current. An electrical injury 1s damage caused by an elec-
trical 1nsult. One type of electrical injury 1s damage caused
by an electrical current passing through the object where the
current 1s greater than the object can carry without damage.
Electrical insults often occur when a conductive object 1s
exposed to a strong electromagnetic field or receives an
clectrical charge, such as from a lightning strike. Lightning
produces radio frequency (RF) energy that 1s rich in har-
monics, ranging from 100 kHz to 120 MHz.

Corrugated stainless steel tubing 1s conductive by nature.
The tubing provides an electrical path inside the structure
because of 1ts metal structure. However, CSST 1s designed
and constructed to safely carry gas, such as natural gas and
propane. These metallic components are not known for their
ability to carry electric current. To further compound mat-
ters, 1t 1s a common practice to treat pipe joints with Tetlon
tape or plumber’s putty, both of which inhibit electrical
conductivity. The Fuel Gas Code (NFPA 34) calls for above
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bonded to the grounding system. The code provision also
prohibits the use of gas piping as the grounding conductor or
clectrode. In order to prevent electric shock and eliminate
the risk of sparks associated with the CSST being above
ground potential, CSST should be bonded to ground.

Methods and devices have been developed to prevent
clectrically induced fires 1n gas tubing. For example, U.S.
Pat. Nos. 7,562,448 and 7,821,763 describe a separate shunt
layer of metallization that 1s electrically separated from the
tubing. The shunt can be a wire or a mesh electrically that
shunts the tubing. The shunt serves to keep the charge away
from the stainless steel tubing, making the tubing less likely
to fail when isulted electrically. The shunt 1s electrically
tied at both ends of the tubing to the tubing fittings or
connectors, but being a shunt, the outer conductive member
1s physically separated from the tubing along 1ts length.

BRIEF SUMMARY

In one embodiment, a gas tubing system includes a length
of tubing, a pair of connectors, and an electrical njury
mitigator. The tubing 1s tlexible and gas-tight. The tubing 1s
terminated at each end with the connectors. The tubing
connects a gas supply pipe to equipment requiring the gas
supply. An example of such tubing 1s one that includes the
features of corrugated stainless steel tubing (CSST), which
1s a flexible, metallic tubing suitable for carrying natural gas
and propane and routing such fluid inside a structure, such
as a residence or commercial building.

The tubing includes a conduit that forms a fluid connec-
tion between the gas supply pipe and the equipment requir-
ing the gas supply. The conduit 1s electrically conductive and
1s enclosed from end to end with an insulator or msulating
layer. Over the insulator 1s a conductive layer. In one
embodiment, the conductive layer encloses the isulator and
extends end to end along the length of the tubing. The
conductive layer 1s electrically 1solated from the conduait. In
one embodiment, a sheath or jacket covers the conductive
layer. The sheath 1s a second insulating layer that 1s abrasion
resistant.

The tubing 1ncludes a pair of connectors at the terminal
ends. Each connector includes a pipe coupler and conduit
nut that cooperate to make a conductive, fluid-tight connec-
tion between the conduit and the connecting pipe. The
conduit 1s electrically connected to ground through the pipe
coupler and conduit nut. The pipe coupler and conduit nut
define a first conductive portion of the connector. Each
connector includes an insulating nut and shield nut that
cooperate to make an electrical connection to the conductive
layer of the tubing and electrically 1solates that layer from
the pipe coupler portion of the connector. In this way the
conductive layer 1s 1solated from ground, which 1s connected
to the conduit. The mnsulating nut and the shield nut define
a second conductive portion of the connector. The second
conductive portion of the connector 1s electrically 1solated,
or insulated, from the first conductive portion of the con-
nector.

In one embodiment, a spark gap i1s formed as part of the
connector between the pipe coupler and conduit nut pair and
the insulating nut and shield nut pair. The spark gap 1s
defined by an air gap with a minimum distance between the
two conductive portions of the connector. The spark gap 1s
exposed such that an observer 1s able to determine the
presence ol any residue or damage resulting from the spark
gap discharging energy from an electrical injury sustained
by the tubing system.
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The electrical mnjury mitigator includes an electrical insult
event detection/indication circuit and an energy dissipation
circuit that are 1n electrical communication between the two
conductive portions of the connector. According to one
embodiment, the tubing system includes an insult event
detection/indication circuit that indicates 1f the system has
been msulted by electricity. In this way the integrity of the
tubing system can be determined without requiring visual
mspection of the full length of the tubing. In one such
embodiment, an indicator, such as a fuse or other device that
provides indication of an overcurrent condition, 1s electri-
cally connected in series between ground and an outer
conductive sheath of the tubing. During an electrical nsult,
the device actuates from the overcurrent condition resulting,
from the insult. The indicator informs an observer of the
insult without requiring that the full length of the tubing be
inspected to determine if an insult occurred.

According to another embodiment, one or both ends of the
tubing system includes an energy dissipation circuit for
dissipating the electrical energy received by the tubing
during an electrical insult. In this way the tubing 1s protected
from damage by the mnsult. In various embodiments of the
energy dissipation circuit of the mitigator, a fuse, a spark
gap, and/or a transient voltage suppression (1VS) device 1s
clectrically connected between ground and an outer conduc-
tive sheath of the tubing. During an electrical insult when all
devices are used, the fuse actuates first by conducting
current from the conductive layer of the tubing to ground,
the TVS device actuates next because 1t has a voltage
setpoint less than the spark gap breakdown voltage. For the
situation where the TVS device cannot dissipate the energy
from the 1nsult, the spark gap conducts, thereby passing the
energy to ground. For the embodiment where the tubing
system also includes an indication circuit, the indicator has
a current carrying capacity that i1s less than the current
required to actuate the TVS device and the spark gap. For
example, a fast-blow, low current fuse will blow, providing
indication aiter the injury that such an mjury occurred.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The above-mentioned features will become more clearly
understood from the following detailed description read
together with the drawings in which:

FIG. 1 1s a partial side view of one embodiment of a
supply pipe, a connector, and tubing.

FIG. 2 1s a perspective view of one embodiment of the
tubing showing the various layers.

FIG. 3 1s an exploded diagram showing one embodiment
of the connector and an end of the tubing prepared to be
attached to the connector.

FI1G. 4 15 a cross-sectional view of one embodiment of the
insulating nut.

FI1G. § 1s an electrical schematic of one embodiment of the
tubing system.

FIG. 6 15 a electrical schematic of one embodiment of the
injury mitigator showing a gas discharge device.

DETAILED DESCRIPTION

Apparatus for lightning resistant gas tubing 1s disclosed.
The tubing system 1s generally indicated as 100. Various
components are 1llustrated both generically and specifically
in the figures and 1n the following description. For example,
various embodiments of the transient voltage suppression
(TVS) device 504 are discussed individually and separately
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to ensure clarity when describing the configuration of each
embodiment of the TVS devices 504-A, 504-B, 504-C. The
TVS 504, when referred to collectively, 1s referenced with-
out the alphanumeric suflix.

FIG. 1 1illustrates a partial side view of one embodiment
of a supply pipe 102, a connector 110, and tubing 112. The
tubing system 100 includes a length of tubing 112, at least
one connector 110, and an electrical injury mitigator 114. In
one embodiment, there 1s a connector 110 at each end of the
tubing 112.

One end of the tubing system 100 1s attached to a gas
supply pipe or line 102. In various configurations the supply
pipe 102 1s black pipe carrying gas into a structure. The
supply pipe 102 has a clamp 104 that 1s electrically con-
nected to earth ground 106. The opposite end of the tubing
system 100 (not illustrated) 1s connected to the equipment
that receives the gas, such as an appliance or furnace. The
opposite end of the tubing system 100 1s substantially the
same as the illustrated end of the system 100.

The connector 110 illustrated 1 FIG. 1 1s coupled to a
supply pipe 102 by way of a coupler 108. The connector 110
at the other end of the tubing 112 is coupled to a piece of
equipment, such as an appliance or distribution manifold. A
person of ordinary skill in the art will recogmize that the
portion of the connector 110 that 1s coupled to the supply
line 102 and the piece of equipment will vary without
departing from the scope of the invention. The illustrated
connector 110 has a male threaded end that engages that
coupler 108. In another embodiment, the connector 110 has
a female end that engages the supply pipe 102.

FIG. 2 1llustrates a perspective view ol one embodiment
of the tubing 112-A showing the various layers 202, 204,
206, 208. The illustrated embodiment of the tubing 112-A 1s
similar to a coaxial cable with a central, conductive core
202, a dielectric insulator 204, a conductive layer, or shield,
206, and an outer jacket 208.

The mnermost layer 1s a conduit 202 that carnies the
pressurized gas. The conduit 202 1s corrugated to allow the
conduit 202 to flex and be bent without kinking. In one
embodiment, the conduit 202 1s stainless steel. In such an
embodiment, the conduit 202 1s bonded to the grounding
system 106. In other embodiments, the conduit 202 1s a
flexible matenial that has similar properties as thin-wall
corrugated stainless steel.

The second layer 204 1s an insulator 204 that encapsulates
the conduit 202. In one embodiment, the insulator 204 1s a
0.125 inches thick layer of a polymer with a dielectric
strength exceeding about 40 KV. In one embodiment, the
insulator 204 1s polyethylene (PE) with a thickness and
dielectric strength of at least 30,000 volts. It 1s noted that the
gas line itegrity of the tubing 202 does not rely upon the
layer 204 to be gastight.

The third layer 206 1s a conductive layer 206. The
conductive layer 206 1s electrically 1solated from the tubing
202. In various embodiments, the conductive layer 206 1s a
conductive foil, a conductive braid, a conductive mesh, or
other conductive material that has suflicient conductivity
and capacity to conduct the energy from an electrical 1nsult
to the connector 110, which 1s 1n electrical communication
with earth ground 106.

The fourth layer 208 1s a protective jacket for the inner
layers 202, 204, 206. In various embodiments the jacket 208
1s a polymer that i1s abrasion resistant and/or puncture
resistant. The outer jacket 208 serves to make the tubing
112-A easy to pull over gusset plates and through drilled
holes 1 lumber while being installed. In that the tubing 202
1s corrugated, the outer jacket 208 smoothes out the profile
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of the tubing 112-A, allowing the tubing 112-A to be pulled
through crevices 1n a structure without snagging on con-
struction materials.

FIG. 3 illustrates an exploded diagram showing one
embodiment of the connector 110 and an end of the tubing
112-A prepared to be attached to the connector 110. FIG. 4
illustrates a cross-sectional view of one embodiment of the
insulating nut 308. The 1llustrated connector 110 1ncludes a
pipe coupler 302, a supply clamp ring 304, a conduit nut
306, an msulating nut 308, and a shield nut 310. The
illustrated embodiment of the connector 110 1s similar to a
coaxial cable connector where the iner conductor 202 is
clectrically connected to a first conductive portion 342 of the
connector 110, which 1s electrically 1solated from the shield
conductor 206 that i1s electrically connected to a second
conductive portion 344 of the connector 110.

The pipe coupler 302 portion of the connector 110
includes an outboard end 332, a hex portion 312, and a
threaded end 322. The outboard end 332 1s configured to
mate with the supply pipe 102 or coupler 108. The threaded
end 322 1s configured to mate with the female threads nside
the conduit nut 306. In various embodiments, the outboard
end 332 has either a male thread, such as illustrated, or a
temale thread, or another type of coupling-half configured to
mate with another coupling-half to make a gas-tight seal.

The clamp ring 304 1s positioned 1n the last corrugation of
the conduit 202 and secures the conduit 202 with a fluid-
tight seal when the conduit nut 306 1s secured to the pipe
coupler 302. In the 1llustrated embodiment, the conduit 202
1s secured 1n the pipe coupler 302 and conduit nut 306 1n a
conventional manner. Those skilled 1n the art will recognize
that there may be other ways to form a gas-tight seal
between the supply pipe 102 and the conduit 202.

The conduit nut 306 has a hex portion 316 and a threaded
end 326. The threaded end 326 of the conduit nut 306
engages the female threads inside the insulating nut 308. The
pipe coupler 302 and the conduit nut 306 define a first
conductive portion 342 of the connector 110.

The insulating nut 308 has a hex portion 318, a threaded
end 328, and an isert 402. The hex portion 318 and the
threaded end 328 define an outer portion 404 of the insu-
lating nut 308. The hex portion 318 includes a threaded
opening 330 that receives a fastener 404 that secures a ring
connector 406 that provides an electrical connection
between the hex portion 318 and the electrical connection
408 to the mitigator 114. The threaded end 328 of the
insulating nut 308 engages the female threads inside the
shield nut 310. The electrical connection 408 to the hex
portion 318 1s in electrical communication with the conduc-
tive layer 206 through the hex portion 318 and threaded end
328. Those skilled in the art will recognize that the electrical
connection 408 can be made to any device or component that
1s 1n electrical commumnication with the conductive layer 206
and the second conductive portion 344 of the connector 110.

The insert 402 has female threads that are configured to
engage the male threads of the threaded end 326 of the
conduit nut 306. The 1nsert 402 1s an 1nsulator that electri-
cally 1solates the conduit nut 306 from the outer portion 404
of the msulating nut 308, which includes the hex portion 318
and the threaded end 328 of the mnsulating nut 308. In this
way the conductive layer 206 1s electrically 1solated from the
conduit 202 and the pipe coupler 302 and supply clamp ring
304. In one embodiment, the mnsert 402 1s a polymer with a
dielectric strength of at least 40,000 volts.

In one embodiment, the insert 402 has a radial thickness
of 0.625 inches. The distance between the conductive por-
tions of the mnsulating nut 308 proximate the conduit nut 306
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thereby forms a spark gap 506 of ~0.625 inches. The end of
the insulating nut 308 proximate the conduit nut 306 1s
visible such that an observer can see the end of the msert
402. In this way, any arcing across the gap 506 between the
conduit nut 306 and the hex portion 318 of the insulating nut
308 1s visible.

The shield nut 310 1s knurled and has a barrel 320. Inside
the shield nut 310 i1s a female thread configured to engage
the threaded end 328 of the insulating nut 308. The con-
ductive layer, or shield, 206 of the tubing 112-A 1s pushed
back over the outer layer 208 such that the shield nut 310
secures the conductive layer 206 between the threaded end
328 of the insulating nut 308 and the shield nut 310. In one
embodiment, the barrel 320 1s crimped over the conductive
layer 206, thereby making both an electrical and mechanical
connection. In another embodiment, the conductive layer
206 15 clamped between a surface of the shield nut 310 and
the msulating nut 308, thereby making an electrical connec-
tion between the conductive layer 206 and the threaded end
328 of the mnsulating nut 308. The illustrated connection of
the conductive layer 206 1s similar to the way a shield of a
coaxial cable 1s secured to a connector. The barrel 320
provides strain relief to the portion of the tubing 112-A
extending away from the barrel 320. The outer portion 404
of the msulating nut 308 and the shield nut 310 define a
second conductive portion 344 of the connector 110. The
first conductive portion 342 of the connector 110 1s insulated
from the second conductive portion 344 of the connector 110
by the insulator 402 1n the msulating nut 308.

A person skilled 1n the art will recognize that other styles
of connectors 110 can be used to provide the features of the
connector 100. The connector 110 forms a gas-tight seal
between the pipe 102 and conduit 202. The connector 110
allows an electrical connection between the conduit 202 and
an earth ground 106. The connector 110 1solates and 1nsu-
lates the conduit 202 from the conductive layer 206. The
connector 110 accommodates an electrical connection 408 to
the conductive layer 206.

FIG. § 1llustrates an electrical schematic of one embodi-
ment of the tubing system 100. FIG. 6 illustrates an electrical
schematic of one embodiment of the injury mitigator 114-A
that includes a gas discharge device 504-C as a transient
voltage suppression device 504.

The tubing system 100 includes a length of tubing 112
with a first connector 110-A and a second connector 110-B.
The first connector 110-A 1s associated with a supply end of
the tubing 112 where the connector 110-A couples the tubing
112 to the supply pipe 102. The second connector 110-B 1s
associated with an equipment end of the tubing 112 where
the connector 110-B couples the tubing 112 to the equipment
line 512, which, 1n various configurations, 1s a line directly
teeding a piece of equipment, a distribution system feeding
the equipment, or some other equipment that receives or
requires gas.

FIG. 5 shows the supply pipe 102 electrically connected
to an earth ground 106. The conduit 202 of the tubing 112
1s electrically connected to the pipe 102 through the con-
nector 110-A. The equipment pipe 512 electrically con-
nected to the pipe 102 through the connectors 110-A, 110-B.
A person of ordinary skill in the art will recognize that the
clectrical connection between the pipe 102 and earth ground
106 may be a direct connection or be routed or bonded
through other equipment.

The conductive layer 206 of the tubing 112 extends from
one connector 110-A to the other connector 110-B. The
conductive layer 206 has a electrical connections 408-A,

408-B to the mitigators 114-A, 114-B. The spark gaps
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506-A, 506-B are formed by an air gap between the first
conductive portion 342 and the second conductive portion
344 of the corresponding connector 110-A, 110-B. The spark
gaps 506-A, 506-B formed by the inserts 402 i1n each
isulating nut 308 is electrically connected between the
conductive layer 206 of the tubing 112 and the portion of
cach connector 110 that 1s electrically connected to ground
106. In one embodiment, the msulating layer 204 and the
insulating insert 402 have a dielectric strength measured 1n
the tens of thousands of volts, which 1s substantially greater
than the 4,500 volt breakdown voltage of the spark gap 506.

In this way, the spark gaps 506-A, 506-B will breakdown
and conduct current before the insulating layer 204 or the
insulating insert 402 breakdown, thereby ensuring that the
charge on the conducting layer 206 1s dissipated before the
conduit 202 suffers injury from the electrical nsult.

The illustrated embodiments of the mitigators 114-A,
114-B each include a spark gap 506-A, 506-B, a transient
voltage suppression (ITVS) device 504-A, 504-B, and a fuse
508-A, 508-B. The mitigator 114 1s a device that mitigates
or prevents injury to the integrity of the tubing 112 and
connectors 110 from an electrical insult. In various embodi-
ments, the mitigator 114 includes one or both of an indica-
tion circuit and an energy dissipation circuit. The indication
circuit of the mitigator 114 includes a component that
indicates 11 the system 100 has suilered an electrical insult.
One embodiment of an mdication circuit 1s a passive device
such as a fuse 508 that provides visible indication that it has
detected an electrical 1nsult. For example, a tuse 508 that 1s
a glass-barrel type with a rating of 10 amps and 250 volts
will blow or iterrupt the ground path when the system 100
suflers an electrical insult of suflicient intensity to generate
enough current to ground to actuate or blow the fuse 508.
The residue of the blown fuse 508 inside the glass barrel
indicates that that the system 100 suffered an electrical
insult. Another embodiment of an indication circuit 1s a
passive device such as a thin wire that melts as a result of an
clectrical insult. The melted wire 1tself indicates the occur-
rence of an imsult. In one such embodiment, the heat from
the meltmg wire leaves visual indication on another material
that 1s sensitive to the heat, such as a paper product.

The mitigator 114 also includes an energy dissipation
circuit. In various embodiments, the energy dissipation
circuit of the mitigator 114 includes one or more of a spark
gap 306, a TVS 504 and/or a fuse 508. The TVS device 504
1s an electrical component configured to react to sudden
overvoltage conditions, such as would be caused by an
clectrical 1nsult to the tubing system 100. FIG. 6 illustrates
one embodiment of the ijury mitigator 114-C where the
TVS device 504 1s a gas discharge tube or device 504-C. For
other embodiments, the TVS device 504 i1s one or more of
a metal-oxide varistor (MOV), a transient voltage suppres-
sion diode, Transorb, and/or thyrector. The mitigator 114-C
has an electrical connection 408 to the second conductive
portion 344 of the connector 110 and the conductive layer
206. The 1llustrated mitigator 114-C has another electrical
connection 502-C to earth ground 106, such as by way of the
first conductive portion 342 of the connector 110, which 1s
clectrically connected to the supply pipe 102.

The fuse 508 1s an electrical device configured to break an
clectrical circuit upon an overcurrent condition. The fuse
508 actuates upon an electrical insult to the tubing system
100 that causes the conductive layer 206 to be at a higher
potential than ground because the higher potential will cause
current to flow through the fuse 508. One function of the
tuse 508 1s to conduct a portion of the energy received by the
conductive layer 206 to ground 106. The dissipation func-
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tion of the fuse 508 operates only until the tuse 508 blows
from an overcurrent condition, at which time the TVS 504
1s relied upon to dissipate the energy received by the
conductive layer 206.

Another function of the fuse 508 1s to provide a visual
indication that 1t has blown, such as would happen after the
system 100 suflers an electrical injury. Generally, fuses
actuate explosively and leave visible evidence of actuation.
In various embodiments, the fuse 508 1s a glass barrel fuse,
a cartridge fuse with a mechanical blown fuse indicator, or
other type of device that actuates during an electrical 1nsult
to the tubing system 100 and has a visible indication. In one
such embodiment, the fuse 508 1s a glass barrel fuse where
the fuse wire leaves residue on the glass barrel after actua-
tion. That residue 1s visible to an observer. In another such
embodiment, the fuse 1s a thin insulated wire, for example,
a wire with a colored enamel 1nsulation, that melts, leaving
behind a visible indication of a broken wire and/or a burned
spot on a paper or other heat sensitive material. In this way,
visual 1indication of an electrical isult to the tubing system
100 1s provided without requiring that the tubing system 100
be visually mspected over its length. In various embodi-
ments, the fuse 508 1s replaceable after actuation.

In one embodiment, the tubing system 100 includes a
single mjury mitigator 114 associated with one of the two
connectors 110. In such an embodiment, the mitigator 114 1s
positioned at either the end of the system 100 proximate the
supply pipe 102 or the equipment to be supplied with gas.
The connector 110 at the other end of the tubing 112 includes
first and second conductive portions that are insulated from
cach other such that the conductive layer 206 1s electrically
insulated from the condut 202 at that connector 110. In
another embodiment, the tubing system 100 includes a pair
of mitigators 114, one associated with each connector 110-
A, 110-B. Each mitigator 114 includes, 1n various embodi-
ments, one or more of a spark gap 506, a TVS 504 and/or a
fuse 508.

Upon the system 100 being subjected to a potentially
damaging electrical insult, the fuse 508 will blow when the
current flowing from the conductive layer 206 to ground
exceeds the fuse setpoint. The blown fuse 508 breaks the
conductive path between the conductive layer 206 and earth
ground 106, thereby allowing the conductive layer 206 to
receive a charge that raises the voltage of the conductive
layer 206. In one embodiment, the TVS device 504 has a
setting less than the breakdown voltage of the spark gap
506-A, for example, the TVS device 504 has a breakdown
voltage of several hundred volts as compared to the break-
down voltage of the spark gap 506 of thousands of volts.
When the voltage on the conductive layer 206 exceeds the
setpoint of the TVS device 504, the TVS device 504 will
conduct the current to ground. In this way, the TVS device
504 dissipates the energy from an electrical insult to the
tubing system 100. For insults within the capabilities of the
TVS device 504, the TVS device 504 will dissipate the
energy from the msult without damage to the tubing system
100. If the energy of the 1nsult exceeds the capability of the
TVS device 504, the voltage on the conductive layer 206
will continue to rise. When the voltage on the conductive
layer 206 exceeds the breakdown voltage of the spark gap
506, the spark gap 506 will conduct, thereby dissipating the
excess energy from the msult without damage to the system
100.

The tubing system 100 includes various functions. The
function of indicating when the tubing system 100 has
undergone an electrical insult 1s implemented, 1 one
embodiment, by the fuse 508 that 1s placed 1n series with the
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tubing shield 206 and earth ground 106. In various embodi-
ments, the fuse 508 1s a discreet device or a thin wire
configured to melt when exposed to an electrical nsult.

The function of dissipating the initial energy from an
clectrical 1nsult 1s implemented, 1n one embodiment, by the
transient voltage suppression (I'VS) device 504 that 1s
placed 1n series with the tubing shield 206 and earth ground
106. In another embodiment, the function of dissipating the
initial energy from an electrical insult 1s implemented by the
fuse 508, which conducts current between the conductive
layer 206 and ground 106 before the fuse 508 blows from an
overcurrent condition.

The function of dissipating the energy from an electrical
insult 1s implemented, 1n one embodiment, by a spark gap

506 between the first and second conductive portions 342,
344 of the connector 110.

In accordance with accepted drawing practices for elec-
trical schematics, liberal use of straight lines and corners has
been made in depicting the various components. Those
skilled 1n the art recognize that field practice for the routing
of components and conductors that handle high frequency
(HF) energy makes use of transitions and connections that
mimmize both reflected energy and self inductance.

From the foregoing description, 1t will be recognized by
those skilled 1n the art that a lightning resistant gas tubing
system 100 has been provided. In various embodiments, the
system 100 includes a mitigator 114 that includes one or
more of a fuse 508, a TVS 504, and a spark gap 506, where
the mitigator 114 1s connected between the mnsulting layer
206 and earth ground 106. The mitigator 114 includes one or
both of an indication circuit and an energy dissipation
circuit. The indicator circuit provides an indicator, such as a
fuse 508, that the system 100 has suflered an electrical
insult. The energy dissipation circuit provides an electrical
path for the energy from the insult to flow to ground 106.

In one embodiment, the system 100 i1s configured with a
short length of tubing 112 with attached connectors 110-A,
110-B, such as would be used to connect to gas meters,
orills, fireplaces, or other equipment requiring gas. In
another embodiment, the system 100 i1s configured to
include tubing 112 that 1s installed 1 a structure with the
separate connectors 110-A. 110-B attached aiter the tubing
112 is 1n place.

While the present invention has been illustrated by
description of several embodiments and while the 1llustra-
tive embodiments have been described in considerable
detail, 1t 1s not the 1intention of the applicant to restrict or 1n
any way limit the scope of the appended claims to such
detail. Additional advantages and modifications will readily
appear to those skilled in the art. The invention 1n 1ts broader
aspects 1s therefore not limited to the specific details, rep-
resentative apparatus and methods, and 1llustrative examples
shown and described. Accordingly, departures may be made
from such details without departing from the spirit or scope
of applicant’s general mventive concept.

What 1s claimed 1s:

1. An apparatus for carrying a gas in an environment that
1s subject to an electrical 1nsult, said apparatus comprising:

a tubing having a first end and a second end, said tubing
having a conduit, an insulating layer, and a conductive
layer, said insulating layer enclosing said conduit
between said first and second ends, said conductive
layer extending between said first and second ends, said
insulating layer electrically insulating said conduit
from said conductive layer;
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an energy dissipation circuit electrically connected
between said conductive layer and said conduit; and

an 1ndicator electrically connected between said conduc-
tive layer and said conduit, and said indicator providing
indication that the electrical insult occurred.

2. The apparatus of claim 1 wherein said energy dissipa-
tion circuit includes a transient voltage suppression device.

3. The apparatus of claim 2 wherein said energy dissipa-
tion circuit further includes a spark gap, said spark gap
having a breakdown voltage greater than an actuating volt-
age of said transient voltage suppression device.

4. The apparatus of claim 1 further including a first
connector attached to said first end, said first connector
having a {first connector portion and a second connector
portion, said first connector portion making a sealed, fluid
connection with said conduit, said second connector portion
making an electrical connection with said conductive layer
of said tubing, said first connector portion electrically 1nsu-
lated from said second connector portion 1n said first con-
nector, and said second connector portion includes an elec-
trical connection for said energy dissipation circuit.

5. The apparatus of claim 4 wherein said energy dissipa-
tion circuit mncludes a spark gap, and said spark gap defined
by an air space between a conductive member of said first
connector portion and a conductive member of said second
connector portion.

6. The apparatus of claim 4 further including a second
connector attached to said second end, wherein said second
connector has a first connector portion and a second con-
nector portion, said first connector portion makes a sealed,
fluid connection with said conduit, said second connector
portion makes an electrical connection with said conductive
layer of said tubing, and said first connector portion 1is
clectrically insulated from said second connector portion 1n
said second connector.

7. An apparatus for carrying a gas 1n an environment that
1s subject to an electrical 1nsult, said apparatus comprising:

a tubing having a first end and a second end, said tubing
having a conduit, an insulating layer, and a conductive
layer, said 1insulating layer enclosing said conduit
between said first and second ends, said conductive
layer extending between said first and second ends, said

insulating layer electrically insulating said conduit
from said conductive layer; and

an energy dissipation circuit electrically connected to said

conductive layer, whereby a current induced in said
conductive layer must flow through said energy dissi-
pation circuit.

8. The apparatus of claim 7 wherein said energy dissipa-
tion circuit includes a spark gap.

9. The apparatus of claim 8 further including a pair of
connectors mcluding a first connector attached to said first
end and a second connector attached to said second end,
cach one of said pair of connectors having a first connector
portion and a second connector portion, said first connector
portion making a sealed, tfluid connection with said conduit,
said second connector portion making an electrical connec-
tion with said conductive layer of said tubing, said first
connector portion electrically insulated from said second
connector portion, and said spark gap defined by a space
between a conductive member of said first connector portion
and a conductive member of said second connector portion.

10. The apparatus of claim 7 wherein said energy dissi-
pation circuit includes a transient voltage suppression
device.

11. The apparatus of claim 10 wherein said energy dissi-
pation circuit further includes a spark gap, said spark gap
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having a breakdown voltage greater than an actuating volt-
age of said transient voltage suppression device.

12. The apparatus of claim 7 wherein said tubing further
includes a jacket disposed outside said conductive layer, and
said jacket being abrasion resistant and protective of said
conductive layer.

13. The apparatus of claim 7 further including an indicator
clectrically connected to said conductive layer, and said
indicator configured to provide indication that said tubing
received the electrical msult.

14. An apparatus for carrying a gas in an environment that
1s subject to an electrical 1nsult, said apparatus comprising:

a tubing having a first end and a second end, said tubing
having a conduit, an insulating layer, and a conductive
layer, said 1insulating layer enclosing said conduit
between said first and second ends, said conductive
layer extending between said first and second ends, said
isulating layer electrically insulating said conduait
from said conductive layer; and
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an 1ndicator electrically connected between said conduc-
tive layer and said conduit, and said indicator config-
ured to provide indication that said tubing received the
clectrical insult.
15. The apparatus of claim 14 wherein said indicator 1s a
fuse sized to actuate during the electrical insult.
16. The apparatus of claim 14 wherein said indicator 1s a
wire sized to melt during the electrical msult.

17. The apparatus of claim 14 further including an energy
dissipation circuit electrically connected to said conductive

layer.

18. The apparatus of claim 17 wherein said energy dis-
sipation circuit mncludes a spark gap.

19. The apparatus of claim 17 wherein said energy dis-
sipation circuit includes a transient voltage suppression
device.

20. The apparatus of claim 14 wherein said tubing further
includes a jacket disposed outside said conductive layer, and
said jacket being abrasion resistant.

¥ ¥ * ¥ ¥
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